A recent study of granitic gneisses in the ultrahigh-pressure (UHP) metamorphic terrane from Dabie Shan, central China reveals that allanite-(Ce) is a widespread REE-bearing accessory phase. The microprobe analyses show that allanites-(Ce) have nearly uniform chemical compositions, with total REE contents ranging from 23 to 28 wt.% and a La/Ce ratio of 0.57-0.73. All allanites-(Ce) are replaced or rimmed by epidotes and commonly form a relatively REE-poor rim near the interfaces. The textural relations and mineral chemistry suggest that allanite-(Ce) crystallized prior to metamorphism and therefore was of igneous origin, whereas the surrounding epidote was the product of metamorphism. Granitic gneiss, composed chiefly of sodic plagioclase, microcline and quartz with minor amounts of Mn-rich garnet, biotite, low Si phengitic mica, epidote, chlorite and sometimes amphibole, was formed at 495~ and ~5 kbar, corresponding to the retrograde metamorphism of UHP rocks. Accordingly, it is believed that granitic gneisses have not experienced UHP metamorphism. This implies that a large scale tectonic juxtaposition developed before the epidote-amphibolite facies retrograde metamorphism of UHP rocks during the late continental collision in Dabie Shan.
Introduction
ALLANITE, (Ca, Mn, REE, Y, Th)2(Fe2+, Fe3+, A1) 3 Si3012OH, a REE-rich member of the epidote group, occurs as a common accessory mineral in many granitic rocks and pegmatites, but also in some volcanic rocks, metamorphic rocks and calcareous skarns even though it is uncommon (Deer et al., 1986) . The formation of allanite is generally considered to be related to the late-stage magmatic fluid (or hydrothermal fluid) and zoned allanite reflects the variation of the chemical environment during magmatic fractional crystallization or hydrothermal metasomatism (Exley, 1980; Gromet and Silver, 1983; Sawka et al., 1988; Sorensen, 1991) .
Recently, allanite-(Ce) has also been recognized in granitic gneisses, controversially associated with UHP rocks from Dabie Shan, central China. Until recently, it has been unclear, because of the lack of index minerals, whether these granitic gneisses have ever undergone UHP metamorphism (Liou et al., 1996) . The discovery of allanite-(Ce) and the confirmation of its igneous origin support the fact that granitic gneisses are only of low metamorphic grade, and have never been subjected to UHP metamorphism.
Field relations and petrology of granitic gneisses
The geological setting of Dabie Shan in central China has been described by many geologists Xu et al., 1994; Liou et al., 1995; Cong et al., 1996; You et al., 1996) . Liou et al. (1995) divided Dabie Shan into four metamorphic belts (Fig. 1B) (1996) . Granitic gneiss is largely composed of sodic plagioclase, microcline and quartz with minor amounts of garnet, biotite, white mica, epidote, chlorite and sometimes amphibole. The main accessory minerals are allanite-(Ce), titanite, zircon, apatite and magnetite. Garnet, which occurs in very limited amounts, is euhedral and mostly very small with an average grain size of <0.1 mm, but sometimes as large as 1.0 mm. Garnet is very variable in composition, but most of the crystals are rich in Mn and extremely poor in Mg, with a maximum spessartine content of 49 mol.%. All garnets exhibit pronounced zoning, with increasing spessartine and decreasing almandine from core to rim, but some larger grains display reverse zonation. Biotite, often replaced by chlorite, is Fe2+-rich, with a Mg/Fc2++Mg ratio of 0.11 0.37. White mica is phengitic, with a Si value of 3.24 3.40 p.f.u., different from the high Si phengite encountered in UHP rocks. Epidote is rich in Fe 3 § with a Ps parameter (i.e. Fe3+/AI+Fe 3+ ratio) ranging from 0.26 to 0.31. Some epidotes display compositional zoning, with Fe 3+ increasing from core to rim and a minimum Ps of 0.18. The metamorphic temperature calculated by garnet-amphibole geothermometer (Graham and Powell, 1984) from two amphibolebearing samples, ranges from 439-557~ with an average of 495~ and the pressure is -5 kbar based on an Al-in-hornblende geobarometer (Schmidt, 1992) , in accordance with epidoteamphibolite facies conditions.
Occurrence of allanite-(Ce)
Allanite-(Ce) is widespread as an accessory phase in the granitic gneisses. The well-preserved allanite-(Ce) occurs as euhedral crystals with pleochroism from dark brown to pale yellowish brown and simple twinning (Fig. 2a) . The mineral is invariably replaced or rimmed by epidote, and some crystals display embayed outline and relict texture (Fig. 2b) . A narrow, pale brown rim often formed near the surrounding epidote. Allanite-(Ce) sometimes contains zircon, titanite, prismatic apatite, ilmenite and quartz inclusions and is often in contact with titanite, but never encloses garnet, biotite or white mica.
Allanite-(Ce) occurs here in the form of large crystals, with a typical grain size ranging from 0.1 to 1.0 mm, and a maximum size of 2.5 mm, discordant with fine-grained metamorphic minerals. They are generally oriented parallel to the foliation plane of the granitic gneiss, but many grains are markedly oblique to the foliation. Moreover, the surrounding epidote with a relict core of allanite-(Ce) is sometimes elongated parallel to the foliation (Fig. 2c) , and some allanite-(Ce) grains are also found to be flexured and deformed (Fig. 2d) , implying that allanite-(Ce) was formed before the peak deformation while the surrounding epidote crystallized during the deformation.
Mineral chemistry
The analyses of allanite-(Ce) and the surrounding epidote were performed by a JEOL JXA-8800R wavelength-dispersive electron microprobe at Institute of Mineral Deposits, Chinese Academy of Geological Sciences. The operating conditions were 20 kV accelerating voltage, 2 x 10 A beam current and 1 lam beam size. The counting time at each peak was >20 s. The standards used for REE and Y were synthetic RePsOI4 series, but for Th pure synthetic oxide was used. The allanite and epidote analyses have been recalculated by using the charge balance criterion of 8 cations per 25 negative charges to enable the estimation of the Fe2+/Fe 3+ ratio.
The analyses of representative allanite-(Ce) and the surrounding epidote are given in Table 1 . Allanites-(Ce) from different locations display nearly uniform chemical compositions, with total REE contents ranging from -23 28 wt.%. The increase in REE is accompanied by an increase in Fe 2+ and a decrease in Ca and A1 (Fig. 3) , which corresponds to the charge-balanced coupled replacement Ca2+(A1,Fe) 3+ = REE3+Fe 2+ (Deer et al., 1986) . The REE in allanite-(Ce) comprise Ce, La, Nd and some Pr, with a La/Ce ratio ranging from 0.57-0. contents in allanite-(Ce) is better illustrated in Fig. 4 , which shows normal, right-leaning, chondrite-normalized REE patterns, very similar to those of the host rock. The La/Ce ratio obtained from the granitic gneisses ranges from 0.54-0.66. The main part of the allanite-(Ce) grains is homogeneous, but most have a narrow REE-poor rim near the interfaces with epidote, similar to the detrital allanite from the Sanbagawa pelitic schists in Japan (Sakai et al., 1984) . The compositional variation, decreasing R E E and Fe 2+ and increasing Ca and A1 in the rim, suggests a normal zonation, which is generally interpreted to reflect the environmental variation of crystallization during formation of allanite (Sorensen, 1991) , However, the textural relations confirm that the formation of zoned allanite-(Ce) from Dabie Shan is related to the replacement of epidote.
The surrounding epidotes on allanite-(Ce) display similar compositions when compared with individual epidote grains in the granitic gneisses. Zonation of the surrounding epidote has been detected in some samples with increasing Fe 3+ and decreasing A1 towards the outer part. The minimum Ps value of the inner part is only 0.16, i.e. identical to that of the cores of individual grains and therefore indicating a similar origin. Allanite-(Ce) can form a complete solid solution with end-member epidote through (Sakai et al., 1984; Gier6, 1986; Pan and Fleet, 1990; Carcangiu et al., 1997) . However, the compositional variation suggests that there was a break in the growth between allanite-(Ce) and epidote in the granitic gneisses from Dabie Shah (Fig. 3) , implying a two-stage crystallization.
Discussion

Origin of allanite-(Ce)
It is very important to determine the origin of allanites because of their diverse modes of occurrence, especially those from metamorphic rocks. The porphyritic texture, non-aligned structure, mineral inclusion type and compositional variation indicate that allanite-(Ce) in granitic gneisses from Dabie Shan crystallized prior to metamorphism and deformation, whereas the surrounding epidote was the product of metamorphism. Moreover, a narrow compositional range of REE suggests that the formation of allanite-(Ce) is not due to metasomatism (Exley, 1980) . In fact, no evidence of hydrothermal metasomatism has been found in these granitic gneisses. Accordingly, the allanite-(Ce) from Dabie Shan is believed to be of igneous origin. The concordance of the chondrite-normal- important example comes from the Sanbagawa pelitic schists, Japan, where the strong preferred orientation and the increase in both average grain size and volume with metamorphic grade suggest a metamorphic origin of the REE-bearing epidote (contains Y~REE <15 wt.%); whereas the irregular, anhedral shape and the constant grain size with increasing metamorphic grade suggest a detrital origin of allanite (contains ZREE up to 26 wt.%) (Sakai et al., 1984) . Actually, the textural relations of allanite-(Ce) in granitic gneisses from Dabie Shan are very similar to those of detrital allanite from Sanbagawa pelitic schists. Thus, it seems that the primary magmatic or detrital allanite could be preserved well during low-grade metamorphism.
ized REE patterns between allanite-(Ce) and the primary granitic rock indicates that they formed at the same time, but the many accessory phases occurring as inclusions in allanite may imply that the allanite was the late-crystallized product of residual magma. Metamorphic allanite has been reported from migmatitic rocks (Cech et al., 1972; Pavelescu and Pavelescu, 1972; Campbell and Ethier, 1984; Sorensen, 1991) , low-grade pelitic schists (Sakai et al., 1984; Cappelli et al., 1993; Inger and Clift, 1993) and blueschists (Banno, 1993) . The most
Relations between UHP rocks and granitic gneisses
There has been much debate on the relationships between UHP rocks and associated rocks since coesite was discovered in eclogite from Dabie Shan, central China (Xu, 1987; Okay et al., 1989; Wang et al., 1989) . It is now accepted that a suite of fine-grained garnet-biotite gneiss, calc-silicate gneiss, marble and quartzite associated closely with eclogite have all experienced UHP metamorphism. However, because of the lack of significant mineralogical evidence, there is still controversy over whether or not the coarse- grained granitic gneisses have undergone UHP metamorphism. Some geologists have considered them to be UHP rocks re-equilibrated at lowpressure conditions (Wang and Liou, 1991; Okay, 1993; Liou et al., 1996) , but others have argued that they had never been equilibrated at pressures above the plagioclase stability field (Carswell et al., 1993; Cong et al., 1995) . In fact, significant differences in fabric, deformation and metamorphism between UHP rocks and granitic gneisses suggest that granitic gneiss is a unit that is not related to UHP metamorphism. The appearance of magmatic allanite-(Ce) also provides additional support for the non-UHP metamorphic origin of granitic gneisses. If so, the protolith age of 772.5 Ma and metamorphic age of 218.5 Ma obtained from granitic gneiss by Rowley et al.(1997) , which agrees well with those from UHP rocks (Ames et al., 1996) , can not be simply regarded as the evidence of in situ UHP metamorphism.
In contrast, the mineral assemblage, chemistry and P-T conditions of granitic gneisses correspond systematically to those of fine-grained garnet-biotite gneiss within the UHP unit. The metamorphic conditions for such gneiss, estimated to be 460-570~ and 4-6 kbar, are also in accord with the retrograde metamorphic conditions of UHP rocks (Liou et al., 1996) . This implies that the granitic gneisses were mixed together with the UHP rocks before the epidoteamphibnlite facies retrograde metamorphism of UHP rocks. How can we explain this mixing process? Cong et al. (1995) proposed a tectonic juxtaposition of UHP rocks and associated granitic gneisses at a high crustal level. The widespread development of a tectonic boundary between UHP rocks and granitic gniesses supports this interpretation, although in some places the boundary is unclear because of the late metamorphism and deformation. The protolith age of the granitic gneisses (Rowley et al., 1997) has also precluded them from being synorogenic granitic intrusions. More recently, some lowgrade metamorphic volcanic rock sheets with well-preserved blasto-pyroclastic texture (Dong et al., 1997) and a Susong pelitic schist sheet characterized by the typical assemblage of kyanite + Fe-chloritoid + Fe-staurolite + muscovite + paragonite (Susong complex, situated in the south of the UHP terrane, Fig. 1B ) have been found in the UHP unit, suggesting that a large scale tectonic juxtaposition developed during the late continental collision in Dabie Shan.
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